Background and Purpose-Although data on some risk factors for intracerebral hemorrhage (ICH) already are beyond doubt, for other factors, the evidence is less clear. We performed a systematic overview of case-control and cohort studies on risk factors for ICH. Methods-We searched MEDLINE, LILACS, EXTRAMED, and Pascal from 1966 to 2001 to identify studies. Studies were included if they met predefined methodological criteria. When possible, 2ϫ2 tables were extracted and combined with the Mantel-Haenszel method. Summary odds ratios (ORs) were calculated for case-control studies, and summary relative risks (RRs) were found for cohort studies and for case-control and cohort studies combined. Results-Fourteen case-control and 11 cohort studies were identified. We could not always combine the results of case-control and cohort studies. In cohort studies, the crude RR for age (every 10-year increase) was 1.97 (95% confidence interval [CI], 1.79 to 2.16). In case-control studies, the crude OR for high alcohol intake was 3.36 (95% CI, 2.21 to 5.12) and for hypertension was 3.68 (95% CI, 2.52 to 5.38). Two cohort studies showed an increasing risk of ICH with increasing degree of hypertension. In cohort and case-control studies combined, the crude RR for sex (male versus female) was 3.73 (95% CI, 3.28 to 4.25); for current smoking, 1.31 (95% CI, 1.09 to 1.58); and for diabetes, 1.30 (95% CI, 1.02 to 1.67). Conclusions-Risk factors for ICH appeared to be age, male sex, hypertension, and high alcohol intake. High cholesterol tends to be associated with a lower risk of ICH. We could not assess whether these risk factors are independent. (Stroke.
S
pontaneous intracerebral hemorrhage (ICH) is a serious disease despite progressing medical knowledge. ICH appears suddenly without warning, unlike ischemic strokes that are often preceded by a transient ischemic attack. Outcome is determined by the initial severity of the bleeding; mortality and morbidity of ICH are high. 1 So far, treatment regimens are limited. Therefore, prevention of ICH is the most effective approach. Until now, limited attempts have been made to search systematically for risk factor profiles in these patients. Studies conducted to evaluate risk factors for stroke focused mainly on ischemic stroke or a combination of ICH and subarachnoid hemorrhage rather than on spontaneous ICH as a separate entity. The studies that focus on spontaneous ICH often address 1 risk factor in particular and do not give an overview of all important risk factors. Hence, we conducted a metaanalysis to evaluate risk factors for ICH in the general population.
See Editorial Comment, page 2065

Methods
Literature Search
We searched MEDLINE from 1966 to 2001 and EMBASE from 1974 to 2001 for case-control and cohort studies on risk factors for ICH. We also searched LILACS, EXTRAMED, and Pascal to identify studies with non-English publications. The terms we used were "hemorrhage, cerebral"; "case control studies" or "cohort studies"; and "adult," combined with "risk factors" and with potential risk factors "cholesterol," "alcohol," "hypertension," "oral contraceptives," "body height," "body weight," and "race." OLDMED-LINE was not searched because it contains only studies published before 1966; at that time, brain imaging was not yet available for the diagnosis of ICH. Reference lists of all relevant publications were checked for additional relevant articles. Publications had to be in English, French, German, or Spanish. stroke entity and not to be combined with subarachnoid hemorrhage. For case-control studies, the diagnosis of ICH needed to be confirmed in at least 70% of the cases by the presence of intracerebral blood on a CT or MRI scan or by autopsy. Case and control subjects had to be comparable. For longitudinal studies, the diagnosis had to be based on a review of medical records and not only on International Classification of Diseases codes. The studies had to present crude data to allow recalculations in our analyses. Studies in postoperative patients were excluded, as were studies on patients with ICH as result of a trauma.
Data Extraction
Studies were assessed independently by 2 researchers (M.J.A. and S.P.C.). We systematically extracted data by means of a predefined data extraction form. Any discrepancies in the data extracted by the 2 researchers were resolved through discussion.
Data Analysis
Studies were included only once if there were multiple publications, and there had to be at least 2 studies available on the same potential risk factor. We used Poisson regression (allowing multivariate adjustments) to combine the data of the cohort studies. If this was not possible because of a lack of crude data, we combined the maximal adjusted estimates (adjusted relative risk [RR adjusted ]) with the general variance-based method. 2 For case-control studies, we reconstructed 2ϫ2 tables and combined them with the Mantel-Haenszel method. The boxes in the figures describe both the study size (the larger the box, the larger the study) and the value of the point estimate of the crude odds ratio (OR crude ). Overall estimates of the case-control and cohort studies were combined with the general variance-based method.
If there was statistically significant heterogeneity (PϽ0.10) among the results of the included studies, we used random-effects models as opposed to fixed-effect models because they include both within-study sampling error (variance) and between-study variation in the assessment of the uncertainty (confidence interval [CI]) of the results of a meta-analysis. 3 We found data on age, sex, alcohol, cholesterol, smoking, diabetes, physical activity, and hypertension. To allow comparison of data from different studies, we recategorized some factors. Alcohol was recalculated in grams per day. Because not all studies distinguished between never and former smokers, we performed separate analyses for current smokers versus previous and nonsmokers and for ever smokers versus never smokers. Physical activity was recategorized as active versus inactive. For hypertension, hypercholesterolemic and diabetic subjects were dichotomized according to the criteria used in the separate studies. There was no information available on duration of hypercholesterolemia, diabetes, and hypertension; diabetes could not be divided into type I or II.
Results
Of the 497 abstracts identified in the different searches with both the general term "risk factors" and the separate risk factors themselves, 118 were considered possibly relevant after a quick screen of title and abstracts. Of these 118, 62 were considered potentially relevant after careful reading of the abstract. These 62 articles were reviewed in detail, and data were extracted. Finally, we included in the analysis 33 articles that met the inclusion criteria. These 33 articles contained data on 14 different case-control studies and 11 different cohort studies; some studies had multiple publications. Details on the studies are given in the Table. In the following sections, we report on the results of case-control studies (Mantel-Haenszel method) and cohort studies (age and sex, univariate Poisson regression; other factors, general variance-based method). Because of the use of different cutoff points or the lack of crude data, it was not always possible to combine the data.
Age and Sex
The investigators of 5 cohort studies reported on age and risk of ICH; the crude RR (RR crude ) was 1.06. After recalculation into 10-year increase, we found an RR crude of 1.97 (95% CI, 1.79 to 2.16). 4 -9 Almost all case-control studies matched their cases and controls on age; the 2 studies that did not match did not show crude data, so it was not possible to evaluate this association in the case-control studies.
The RR crude for men compared with women was 4.64 (95% CI, 4.02 to 5.40). 4 -7,9,10 From the 2 case-control studies without matching for sex, we recalculated an overall OR crude of 1.35 (95% CI, 0.99 to 1.86). [11] [12] [13] Combining the cohort and case-control studies resulted in an overall RR crude of 3.73 (95% CI, 3.28 to 4.25).
Alcohol
The investigators of 8 case-control studies reported on alcohol intake and risk of ICH. 12,14 -20 Because the definitions of high alcohol intake differed in the studies from Ͼ36 g/d to Ͼ100 g/d, we arranged the studies according to cutoff point from low to high. The overall OR should be interpreted at an approximate mean cutoff of 56 g/d, the weighted mean. The OR crude at this cutoff was 3.36 (95% CI, 2.21 to 5.12) ( Figure  1 ). Figure 1 also indicates a possible trend of higher risks of ICH with higher alcohol intake (OR crude , 2.12 with the lowest cutoff and 4.86 with the highest cutoff; value for heterogeneity, Pϭ0.014). To further evaluate a possible dose-response effect, we dichotomized the studies into moderate intake (Յ56 g/d alcohol) and high intake (Ͼ56 g/d). We found an overall OR crude of 2.05 (95% CI, 1.35 to 3.11) for moderate intake and 4.11 (95% CI, 2.54 to 6.65) for high intake.
The investigators of 3 cohort studies 4,9,21 reported on an average alcohol intake of 36 g/d (compared with nondrinkers) and found an overall RR adjusted of 1.12 (95% CI, 0.89 to 1.41). Hirvonen et al 22 compared the risk of ICH in subjects who drank Ն1 glasses of wine a week with subjects who drank less than that and found an RR adjusted of 1.01 (95% CI, 0.50 to 2.03).
Hypercholesterolemia
The investigators of 4 case-control studies reported on hypercholesterolemia and the risk of ICH. 16, 17, 20, 23 The overall OR crude for high cholesterol was 1.22 (95% CI, 0.56 to 2.67) ( Figure 2 ).
The investigators of the following cohort studies reported on hypercholesterolemia and ICH; all studied total serum cholesterol levels. Leppälä et al 7 
Smoking
In some case-control studies, the investigators did not specify in detail whether smokers were current smokers, former smokers, or both. We took these studies into account in the analyses of both current and ever smoking.
The investigators of 10 case-control studies 25 reported on current smoking and ICH (Figure 3) . 11,15,17,18,26 -30 The overall OR crude for current smoking was 1.25 (95% CI, 0.94 to 1.66). The investigators of 3 cohort studies reported on current smoking for an overall RR adjusted of 1.36 (95% CI, 1.07 to 1.73). 4, 9, 31 Combining the case-control and cohort studies resulted in an overall RR of 1.31 (95% CI, 1.09 to 1.58).
The investigators of 9 case-control studies reported on ever smoking and ICH. The overall OR crude was 1.01 (95% CI, 0.71 to 1.44). 15 ,17,18,20,25-29 The investigators of 3 cohort studies reported on ever smoking for an overall RR adjusted of 1.07 (95% CI, 0.88 to 1.31). 4, 9, 31 Combining the case-control and cohort studies resulted in an overall RR of 1.06 (95% CI, 0.89 to 1.26).
Diabetes Mellitus
The investigators of 8 case-control studies reported on diabetes mellitus. 13, 16, 17, 20, 23, 26, 28, 30 The overall OR crude was 1.27 (95% CI, 0.98 to 1.65) (Figure 4 ). Leppälä et al 7 reported on diabetes and risk of ICH; the RR adjusted was 1.64 (95% CI, 0.77 to 3.51). Combining the case-control studies and the finding of Leppälä resulted in an overall RR of 1.30 (95% CI, 1.02 to 1.67). 
Physical Activity
Discussion
In our systematic review, we identified 4 risk factors for ICH: male sex, age, hypertension, and alcohol intake. Suh et al 9 and Leppälä et al 7 found an increasing risk of ICH with increasing blood pressure. Current smoking and diabetes mellitus are weak risk factors, if at all. Data are inconclusive for physical activity. Ever smoking was no risk factor. Data for hypercholesterolemia were conflicting. Thrift et al 34 found a negative association; Giroud et al 16 found no association; and Zodpey et al 20 and Kubota et al 17 found a positive association for hypercholesterolemia. The difference might be explained by the use of different definitions of hypercholesterolemia. The cohort studies, however, show a clear association: a decreasing risk with an increasing serum cholesterol level. Therefore, we interpret that the cumulative data on cholesterol may be summarized as follows: There tends to be a lower risk of ICH with higher cholesterol levels.
One of the strengths of this meta-analysis is that the literature was collected systematically from several different databases. Publication bias is less of a problem in our meta-analysis than in meta-analyses of randomized clinical trials because it is just as interesting whether there is no association between a potential risk factor and the risk of ICH as when there is an association. With regard to the statistical analyses, we attempted to integrate as much of the available information as possible.
Because this study is a meta-analysis, we were able to study only risk factors on which much research was already done; therefore, the risk factors that we have identified probably do not represent all risk factors. Because we included only articles in English, German, French, or Spanish, whites are probably over represented in our results, so our results may be invalid for people of other races.
Another limitation of this meta-analysis is that we were not able to study the risk factors identified in this study simultaneously. Poisson regression that would have allowed adjustment for other potentially confounding ICH risk factors appeared not feasible because often crude data were not reported. Such an analysis could, for example, have shed more light on the different propensity for ICH between men and women: Is it truly a sex difference, or do other ICH risk factors such as a high alcohol intake contribute to this difference. This problem of confounding could also be solved in a project in which raw nondichotomized individual patient data are brought together for a pooled analysis. Within the constraints of the present study, this was not feasible.
Compared with a previous review of the epidemiology of ICH, 35 ours is more extensive because it includes studies published until 2001 and uses an explicit and very elaborate search strategy. Additionally, our data analysis strategies were more extensive because we combined case-control studies separately, cohort studies separately, and these 2 types of studies together.
With regard to alcohol and ICH, a stronger association was found in the case-control studies than in the cohort studies. An explanation for the difference in strength of the association might be that the alcohol intake in the cohort studies was lower (Ϸ36 g/d) than in the case-control studies (average, Ϸ56 g/d). We were unable to study binge drinking as a risk factor of ICH because of limited studies.
When we compare the risk factors identified for ICH with those for ischemic stroke, we see that current smoking and diabetes mellitus are risk factors for ischemic stroke but not obvious risk factors for ICH. Furthermore, hypercholesterolemia seems to lower the risk of ICH but clearly increases the risk of ischemic stroke. 36 These differences in risk factors suggest different underlying mechanisms. If smoking, diabetes mellitus, and hypercholesterolemia are not risk factors for ICH, apparently atherosclerosis is not the prevailing pathophysiological mechanism in ICH. Because hypertension is a risk factor for ICH, increased fragility seems a plausible explanation. This fragility may be caused by microaneurysms, amyloid, vascular malformations, or other as-yetunknown factors.
Because this study shows that age is a risk factor for ICH, one might expect an increasing incidence of ICH as our society ages. Therefore, prevention of ICH is highly important. More attention should be given to modifiable risk factors such as alcohol intake and hypertension to reduce the risk of ICH in the elderly. In further research, it might be interesting to pool individual patient data to evaluate whether these risk factors are independent. 
Editorial Comment Minor Risk Factors for Intracerebral Hemorrhage: The Jury Is Still Out
Prevention of intracerebral hemorrhage (ICH) is still the most effective method for reducing the impact of this devastating disease. To facilitate better development of prevention programs, we need precise estimates of risk and elucidation of minor risk factors.
In the past, there have been some major difficulties surrounding the identification of risk factors for ICH. The first is that ICH is a relatively uncommon disease, making up between 10% and 15% of all strokes in Western countries. 1 Consequently, to ensure adequate cases of ICH, cohort studies must be very large, and patients must be accrued over many years. Alternatively, case-control methodology could be used and, if carefully conducted to reduce bias, may provide accurate results. Moreover, it is only since the CT era that ICH could be studied as a separate entity with diagnostic accuracy. Inclusion of cases with other types of stroke that have differing etiologies would result in a weakening of any associations identified.
To address some of the limitations of small data sets and diversity of risk factors studied, Ariesen and colleagues 2 have conducted a meta-analysis of previous work in this area. This is a timely analysis, given the number of publications in recent years. Apart from age and sex, they have confirmed that the most important risk factor for ICH is hypertension. [3] [4] [5] Despite different definitions of hypertension in these studies, the relationship between hypertension and ICH is clear. They have also confirmed an association between heavy alcohol consumption and ICH. 4, 6, 7 Further support for alcohol consumption as a risk factor is provided by their summary showing increasing odds ratios with increasing level of alcohol consumption. The summary odds ratios are substantial, with an approximate doubling in the odds ratio of ICH with each decade of life, whereas among men, heavy drinkers, and hypertensive people, the risk of ICH approximately triples.
Although the associations between these 4 factors and ICH are impressive, the summary odds ratios for the case-control studies are subject to some imprecision for 2 main reasons. First, as acknowledged by the authors, only univariate odds ratios were summarized. The use of multivariate analyses would have enabled the isolation of the exposure (eg, hypertension) from the effects of any imbalance in the distribution of potentially confounding factors between cases and controls and would show whether the association is truly independent. Without this adjustment, the odds ratio can be altered in either direction; ie, it can be overestimated or underestimated. 8 Second, some of the studies included in the meta-analyses were based on matched samples. Matching eliminates substantial imbalance and therefore controls for confounding on the matched variables. Because the matching was not retained in the analyses of these matched studies, there is a tendency for the odds ratio to be biased toward unity. 8 Alternative analytic techniques incorporating the use of odds ratios and standard errors (or confidence intervals) 9 would enable the production of summary odds ratios based on both adjusted and, when appropriate, matched analyses, as well as enabling inclusion of studies without published raw data. 3, 6 Because of the likely imprecision in the odds ratios, particular caution must be taken in interpreting the results of the lesser potential risk factors, ie, smoking, hypercholesterolemia, and diabetes. Because the reported odds ratios are small (in the order of 1.2 to 1.3) and because there has been no adjustment for potentially confounding factors, these findings may be spurious.
In support of their findings, Ariesen et al also summarized relative risks from cohort studies (some were adjusted and others were not). These results were both in agreement with those of the case-control summary odds ratios (hypertension, smoking, and diabetes) and in disagreement with them (alcohol consumption and hypercholesterolemia). The disparate findings for alcohol consumption can be explained by the fact that alcohol consumption was not subcategorized according to level of consumption for the cohort studies. The findings for hypercholesterolemia were not in agreement between the cohort and case-control studies, making interpretation difficult.
In summary, Ariesen and colleagues have made an important contribution to our understanding of risk factors for ICH. Hypertension and heavy alcohol consumption are important and preventable risk factors for ICH. Treatment and management of hypertension remain the most effective prevention strategy for ICH, given both the relatively high prevalence of hypertension within the community and the strong association between hypertension and ICH. In regard to the other potential risk factors (hypercholesterolemia, smoking, and diabetes), the most important message is that if these factors increase the risk of ICH, this risk is modest. At present, there still remains insufficient evidence that these factors are important contributors to the development of ICH.
